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ONR  Contract  N00017-76-C-0C80 

Transonic  flows  around  three-dimensional  configurations  are  calculated  based 
on  the  artificial  compressibility  method.  The  transonic  nonlinear  mixed-type 
equation  is  treated  as  If  it  were  elliptic,  and  the  artificial  viscosity  Is 
added  Implicitly  through  modifying  the  density.  Thus,  standard  discretization 
techniques  and  standard  iterative  procedures  are  applicable. 

The  output  of  the  full  three-dimensional  code  are  compared  to  the  results  of 
numerical  Implementation  of  two  asymptotic  theories;  transonic  equivalence 
rule  and  transonic  lifting  line.  While  the  analytical  asymptotic  theories 
are  limited  to  low  or  high  aspect  ratio  configurations,  it  is  found  that  the 
numerical  algorithms  based  on  these  concepts  can  be  employed  efficiently  in 
a  wider  range  than  the  range  where  the  asymptotic  theories  are  strictly 
valid. 

K 

Equivalence  Rule: 

It  is  shown  that  for  wings  of  small  leading  edge  sweep  angle,  departure 
from  the  Whitcomb-Osvatitsch  area  rule  is  significant.  For  sufficiently 
large  or  moderate  leading  edge  sweep  angles,  however,  the  agreement  is 
satisfactory.  Drag-rise  and  outer  flow  field  are  presented  for  a  number  of 
cases  and  their  equivalent  bodies.  Nonlinear  lift  corrections  to  the 
classical  area  rule  are  examined.  There  seems  to  be  good  agreement  between 
calculated  flows  around  equivalent  wing-body  combinations  with  the  same 
wing  planform  for  cases  with  appreciable  lift. 

Lifting  Line: 

Corrected  two-dimensional  calculations,  taking  into  consideration  the  three- 
dimensional  upvash  and  sweep  effects,  compare  favorably  with  the  full 
three-dimensional  calculations  except  at  the  root  and  tip  sections  of  the 
wing  as  expected. 

To  calculate  flows  around  complicated  geometries  using  the  above  codes,  the 
following  procedures  are  used.  In  the  first  case,  a  sequence  of  cross  flow 
solutions  are  computed,  plus  three-dimensional  corrections  obtained 
from  flows  around  equivalent  but  simple  three-dimensional  configurations. 

In  the  second  case,  the  inner  limit  of  tbreedlmensional  flows  around  a  simple 
equivalent  wing  is  used  as  an  outer  boundary  for  a  sequence  of  two-dimensional 
calculations.  Thus,  the  enforcement  of  body  boundary  conditions,  as  well 
as  the  grid  generation,  are  relatively  easy  compared  to  the  full  three- 
dimensional  calculations. 
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